Proton magnetic relaxation studies of mixed phosphatidylcholine/fatty acid and mixed phosphatidylcholine bimolecular bilayers.
High resolution proton spin-lattice relaxation times (T1), spin-spin relaxation times (T2) and resonance linewidths were measured above the gel-to-liquid crystal transition temperature (Tm), in phosphatidylcholine bilayers possessing various degrees of intramolecular motional anisotrophy at the level of various alkyl chain proton groups. The experiments were designed to test the hypothesis that coupled trans-gauche isomerizations along the chains can be responsible for the anisotropic motion of phosphatidylcholine proton groups in bilayer membranes (Horwitz, A.F., Horsley, W.J. and Klein, M.O. (1972) Proc. Natl. Acad. Sci. U.S. 69,500). Systematic series of structural perturbations of the bilayer were achieved in mixed phosphatidylcholine/fatty acid and in mixed phosphatidylcholine bilayers where the degree of motional anisotrophy of the chains' proton groups was gradually reduced by progressively increasing the chain length disparity of the two components. The systematic T1 and T2 variations observed were interterpreted on the basis of the Woessner's treatment for computing the relaxation times of a spin pair reorienting randomly about an axis which, in turn, tumbles randomly (Woessner, D.E. (1962) J. Chem. Phys. 36, 1). The results confirmed in a qualitative sense the original hypothesis made by Horwitz et al. The time-averaged structural interpretations suggested by the mangetic relaxation studies are in agreement with low-angle X-ray diffraction results obtained below Tm. In addition, the T1 values evaluated at various temperatures in dipalmitoyl phosphatidylcholine vesicles incorporated with either 2H-labeled or unlabeled palmitic acid chains indicated that the average intermolecular contribution to the spin-lattice relaxation rate of the proton groups of the phosphatidylcholine chains appears comparable to the intramolecular term at temperatures moderately higher than Tm, but becomes less and less important as the temperature is further increased above the thermal transition.